Anaesthetic techniques conventionally rely on high flow rates of fresh gases passing through expensive vaporizers situated out of the circuit (VOC) which are designed to deliver an accurate concentration of anaesthetic agent at these high flow rates. Excess gases are scavenged to the atmosphere to avoid operating theatre pollution.
However, with the advent of more expensive anaesthetic agents, flowrates of fresh gases are being reduced and reliance on gas monitoring rather than expensive out-of-circuit vaporizers is more commonplace. As gas monitors measure end-tidal and inspiratory concentrations, the concentrations delivered to the patient are much more accurate and meaningful than "accurate" vaporizers which deliver a known concentration from the vaporizer.
When using circle systems with carbon dioxide absorption the fresh gas mixture from the vaporizer (VOC) is diluted by the patient's exhalations; therefore the inspired concentration is unknown but is always lower than the concentration indicated by the vaporizer. The experienced anaesthetist "knows" what the effect of a given vaporizer concentration will be: in other words, relying on experience or "gut feel" rather than really knowing what the patient is inspiring.
Gas monitors incorporating agent analysers are, however, now commonly used. A stand-alone gas monitor is about the same cost as an expensive outof-circuit vaporizer. If out-of-circuit vaporizers were simplified, e.g. to the simple Boyle'S bottle design, the cost saving could be diverted to a gas monitor with agent analyser so that breath-by-breath inspiratory and end-tidal concentrations could be continuously displayed. Inaccuracy of the vaporizer with low gas flowrates would then pose no problems as the delivered gas would be monitored.
The major advantage of closed circuit and low flow anaesthesia is the low running cost compared with high flow systems 2 • This is particularly important with the newer volatile anaesthetic agents such as desflurane, which are very expensive. Gas mixtures are recirculated and none or very little is exhausted to the atmosphere. The capital cost of a gas monitor is recovered within two years of average use, because of savings in gases and volatile agents, and thereafter the running costs are about one-quarter that of high fresh gas flow techniques.
The change in technique is minimal. Instead of reducing flows after induction to say 2 lImin of nitrous oxide and 1 lImin of oxygen, the flowrate is reduced further to, say, 0.5 to 0.6 lImin of nitrous oxide and 0.4 to O.5l1min of oxygen. Alternatively 100% oxygen at basal flowrates (down to 0.25 lImin) can be used. There are obvious advantages for high oxygen concentrations in the seriously ill and the elderly. There is an argument for using oxygen/air mixtures instead of 100070 oxygen, but for the usual length of most operative procedures this is a theoretical rather than a clinical objection3.
Low flow anaesthesia requires anaesthetic machines to be well maintained and leaks eliminated. A simple leak test for low flow anaesthesia is the maintenance of a circuit pressure of 0.4 kPa at a flowrate of 0.5 lImin. Gas monitors withdraw up to 300 mllmin, which must be returned to the circuit. Because of the low flows very little gas is exhausted and there is minimal pollution if scavenging is unavailable. This incidentally reduces the load requirements for the hospital vacuum system.
An anaesthetic technique using in-circuit vaporizers (VIC) is an alternative to vaporizers out-of-circuit'. During spontaneous breathing the patient's minute volume circulates through the vaporizers, and the level of anaesthesia "auto-regulates": as anaesthesia deepens, the tidal volume and hence the minute volume decreases and therefore less anaesthetic agent is vaporized at a given setting. As anaesthesia lightens the minute volume increases and more agent is vaporized. Care is required with positive pressure ventilation as this increases the minute volume and hence the amount of volatile agent delivered 5 • In these circumstances, ventilation must be gentle and the vaporizer should not exceed the first setting. The routine use of an agent analyser is mandatory to monitor the inspired concentration.
In-circuit vaporizers (VIC) are now available which include a diameter-indexed and colour-coded filling system designed to introduce small aliquots of the volatile agent at a time (about 2 to 3 ml) into the vaporizer bowl. This is important as the rate of usage is only about 6 to 8 ml/hour of either halothane, enflurane or isoflurane, and a vaporizer volume charge of only 20-30 ml will last a normal operating session. The volume calibrated vaporizer bowls enable the dose of agent to be measured at the commencement of anaesthesia and the volumes vaporized can be noted at any time. This volume measurement is useful when comparing the effects of different agents.
CONCLUSION
Low flow and closed circuit anaesthesia has at last "arrived" 6. A technique initially used by Waters in 1926', popular when cyclopropane was commonly used, was further advanced by the landmark text by Ernst and Lowe 8 • New anaesthetic machines should be designed to eliminate expensive vaporizers and routinely include gas and agent monitors in their place at a similar cost. Running costs are then perpetually reduced to about one-quarter that of high flow systems. Pollution is minimized or eliminated. The anaesthetic technique is safe and simple to teach. Low flow and closed circuit anaesthesia could rapidly replace high flow techniques by emphasis in training programs. Such techniques are widely used in small animal anaesthesia 9 and with well designed, low resistance breathing systems could replace high flow Ayre's T-piece circuits even in neonatal anaesthesia 1o •
